Polymerase Chain Reaction (PCR) 
(NOTES) 


Polymerase chain reaction (PCR) is a technique in molecular biology used to 
amplify (multiply) a single copy or a few copies of a piece of DNA, generating 
thousands to millions of copies of that particular DNA sequence. 


PCR is a revolutionary method developed by Kary Mullis in the 1980s. PCR is 
based on using the ability of DNA polymerase to synthesize new strand of DNA 
complementary to the offered template strand of DNA. 


Since DNA polymerase can add nucleotides only onto a pre-existing 3'-OH 
group (-OH group attached to 3’-end of DNA), it needs a primer, to which it can 
add the first and other nucleotides. This requirement makes it possible to 
demarcate a specific region of template sequence that the researcher wants to 
amplify. At the end of the PCR reaction, the specific sequence will be 
accumulated in billions of copies (amplicons). 


PCR Components: There are the following components of PCR reaction: 
(1) DNA Template - the sample DNA that contains the target sequence 


At the beginning of the reaction, high temperature is applied to the original 
double-stranded DNA molecule to separate the strands from each other 
(denaturation). 
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(2) DNA polymerase- This enzyme synthesizes new strands of DNA 
complementary to the target sequence. 


(3) TaqDNA polymerase: First and the most commonly used of DNA 
polymerase enzyme used in PCR technology is Taq DNA polymerase or just 
Taq polymerase obtained from the bacterium Thermis aquaticus. 


Thermus aquaticus is quite a useful organism in Biotechnology, as 
its enzyme Taq DNA polymerase is harvested for use in 
polymerase chain reactions (PCR). Taq polymerase is used in PCR, 
rather than other forms of the polymerase enzymes, because it is 
well-suited for the repetitive heating involved in PCR and is not 
denatured at high temperature. Taq polymerase is adapted to 
high temperatures because Thermus aquaticus lives in hot 
environments. 


Another enzyme Pfu DNA polymerase (obtained from Pyrococcus Thermus aquaticus 
furiosus: a heat-resistant Archaea bacterium) is also widely used 
in PCR because of its higher reliability when copying DNA. 


Although these enzymes are quite different, they both have two 
capabilities that make them suitable for PCR: 


1. They can generate new strands of DNA using a DNA 
template and primers. 


2. They are heat resistant. 
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(4) Primers - short pieces of single-stranded DNA that are complementary to 
the target sequence. Enzyme polymerase begins to synthesise new DNA from 


the end of the primer. Tag polymerase, used in PCR, is a heat resistant DNA 
polymerase. 


(5) Deoxynucleotides or deoxynucleotide triphosphates (dNTPs) - single units 
of the bases A, T, G, and C, equipped with phosphate group. The dNTPs are 
building blocks for the new DNA strands. 

1. dATP (deoxyadenosine triphosphate) 

2. dGTP (deoxyguanosine triphosphate) 

3. dCTP (deoxycytidine triphosphate) 

4. dTTP (deoxythymidine triphosphate) 
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(6) RT-PCR (Reverse Transcription PCR) - is PCR preceded with conversion of 
sample RNA into cDNA with reverse transcriptase enzyme. 
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PCR method 


Reaction Mixture: Though PCR occurs in vitro, or outside of the organism’s 
body in a laboratory, it is based on the natural process of DNA replication. The 
reaction occurs when a DNA sample, Tag polymerase, deoxynucleotides (dATP, 
dGTP, dCTP and dTTP), primers (forward and reverse primers) and other 
reagents (man-made chemical compounds — such as mix-buffer) are added to a 
sample tube (Eppendorf tube). The reagents facilitate the reaction needed to 
copy the DNA code, using a machine known as thermal cycler. 
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There are three clear steps in each PCR cycle, and each cycle approximately 
doubles the amount of target DNA. This is an exponential reaction so more 
than one billion copies of the original or “target” DNA are generated in 30 to 
40 PCR cycles. 


(1) Sample Preparation (DNA extraction) 


Before initiating PCR, DNA must be isolated from a sample. DNA extraction is a 
multi-step process that may be done manually or with an instrument. 


DNA purification steps 


RBC Lysis Buffer GB Buffer/ProteinaseK DNA Binding WashStep ElutionStep Purified DNA 


(2) Separating the Target DNA — Denaturation step 


During the first step of PCR, called denaturation, the tube containing the 
sample DNA is heated to more than 95 degrees Celsius, which separates the 
double-stranded DNA into two separate strands. The high temperature breaks 
the relatively weak hydrogen bonds between the nucleotides that form the 
DNA double helix. 
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(3) Binding Primers to the DNA Sequence - Annealing step 


PCR does not copy the all of the DNA in the sample. It copies only a very 
specific sequence of genetic code, targeted by the PCR primers. These primers 
are man-made oligonucleotide (short pieces of synthetic DNA) that bind, or 
anneal, only to sequences on either side of the target DNA region. 


Two primers (forward and reverse primers) are used in step 2 - one for each of 
the newly separated single DNA strands. The primers bind to the beginning of 
the sequence that will be copied, marking off the sequence for step three. 
During step 2, the tube is cooled and primer binding occurs between 50 and 60 
degrees Celsius. 


Step 2 yields two separate strands of DNA, with sequences marked off by 
primers. Now, the two strands are ready to be copied. 


(4) Making a Copy — (Extension step) 


In the third phase of the reaction, called extension step, the temperature is 
increased to approximately 74 degrees Celsius. Beginning at the regions 
marked by the primers, nucleotides are added to the annealed-primers by the 
DNA polymerase to create a new strand of DNA complementary to each of the 
single template strands. 
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After copying the ‘Extension Step’, 2 copies of target DNA are formed (product 
of one PCR cycle). The second cycle will generate 4 DNA copies and third one 
will generate 8 DNA copies. Thus, exponential increase in DNA copies will occur 
to generate billions of copies in a short period of time. The 30" cycle will 
generate 1,07,37,41,824 DNA copies, as per Table given below: 
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1 2 11 2048 21 2097152 
2 4 12 4096 22 4194304 
3 8 13 8192 23 8388608 
4 16 14 16384 24 16777216 
5 32 15 32768 25 33554432 
6 64 16 65536 26 67108864 
7 128 17 131072 27 134217728 
8 256 18 262144 28 268435456 
9 512 19 524288 29 536870912 
10 1,024 20 1048576 30 1073741824 


Applications of PCR: 


Gene cloning, genetic engineering, DNA sequencing, forensic investigations, etc. 


Polymerase chain reaction (PCR) is an efficient and cost-effective way to copy 
or "amplify" small segments of DNA or RNA in a short span of time. Using PCR, 
millions of copies of a section of DNA are made in just a few hours, yielding 
enough DNA required for analysis. 


The PCR method allows clinicians to diagnose and monitor diseases using a 
minimal amount of sample, such asblood or tissue. In addition, PCR 
technology enables the monitoring of the amount of a virus present or viral 
load, in a person’s body. In diseases such as hepatitis C or human 
immunodeficiency virus (HIV) infections, viral load is a good indication of how 
sick a person may be or how well a person’s medicine and treatment is 
working. Armed with this information, physicians may determine when to start 
treatment and the person’s response to treatment, making treatment 
personalized to each individual. 


Reverse transcription polymerase chain reaction (RT-PCR) 


The RT-PCR is a variant of polymerase chain reaction (PCR). It is a technique 
commonly used in molecular biology to detect RNA expression. Although RT- 
PCR and the traditional PCR both produce multiple copies of particular DNA 
isolates through amplification, the applications of the two techniques are 
fundamentally different. Traditional PCR is used to exponentially amplify target 
DNA sequences. RT-PCR is used to clone expressed genes by reverse 
transcribing the RNA of interest into its DNA complement (cDNA) through the 
use of reverse transcriptase. Subsequently, the newly synthesized cDNA is 
amplified using traditional PCR. 


Limitations of PCR and RT-PCR 


The PCR reaction starts to generate copies of the target sequence 
exponentially. Because of inhibitors of the polymerase chain reaction found in 
the sample such as reagent limitation, accumulation of pyrophosphate 


molecules, and self-annealing of the accumulating product, the PCR reaction 
eventually ceases to amplify target sequence at an exponential rate and a 


"plateau effect" occurs. 


